Ultrasound-based techniques as alternative treatments for chronic wounds: A comprehensive review of clinical applications by Alkahtani, S.A. et al.
This is a repository copy of Ultrasound-based techniques as alternative treatments for 
chronic wounds: A comprehensive review of clinical applications.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/161622/
Version: Published Version
Article:
Alkahtani, S.A., Kunwar, P.S., Jalilifar, M. et al. (2 more authors) (2017) Ultrasound-based 
techniques as alternative treatments for chronic wounds: A comprehensive review of 
clinical applications. Cureus, 9 (12). e1952. ISSN 2168-8184 
https://doi.org/10.7759/cureus.1952
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

	
 
 
		





 

!"#$%&
'&
&(
& )

	

	
			
	
	
		
	
  		  	
		
	 	 !		" !#$%&!#$"
'(  )  	  )!
*+,), 	! - 	! &.
%&! 	  &.)* 	!  	 &.
%&! 	  &.)+ 	! &.
%&! 	  &.)
	
				!		/"	 
 	 '	) 	
	
%	0%1&&' 	!&	  
"  2& 	 	  !
 3				!"	"'	
 	'4 &	!& 
& % 3     
 	 	  		"4''056+7(891:;:056+7
(891<'  056+7(891  		'!05587(891="	 	
05687(891 "4'	 	
' '!	&&
	 	 	 	 	&"&  
  !%  4	&	" 	 	
 	%	 
7 
2&	&"	&""%"
4"8+,<> ("?"" 
  & @73 !%&   	
	"		7$)%&
"   !  4&	 	 	% 	 
!&&& 	 	 	 		 
? 7 !
	"! 	! ) 
 
	   	 	    !


" !	"&   3
&'&	   	&"
' 		AB2&"	&	 " 
  &	 & &		&
 ( , *
+

	

 	




 	!"#$%
&'"&(	)

*(!%+%	,%
&-+%!.*/*%+	..	%+


#- 01	


$ & 3)"&	&'
&	    	"	A(B 
 	  " 	A,*B	"	 " 	A+B
%	0%1&&' 	!
" 4  	&&&	 &"&
7  3
" 	"
4 '	! 7'""	!"
 "	 "&"ACB%7' 3
&'&	$!" 	"

 	
			"' A96B%&
&	!" $A9B
&	 	 		&!	" 	 %	&"
A5B
)""73 !%&$7
	&"A8B 	"AB&	 " 	
 A(,B2&&'	 %&
  '"		AB)	
	"   	%7'
	&'&	& 
	3 
"73 !% 	 	  
"@7
3 !%& 		!		 3 	"
 3!'  3	!	"

	     &0<1 !%
 3&	)	!  &	
		." '?* 		
	 8 &	 < 
! ?!"  3	! 	
	"A*+B
%&&""	&$ &"!  
2& 	 	  ! 3  				!
) 	 	"			'	 
 3	'4!
&  &%7' 3  
 	 	 		"&	 3 
 


4''056+7(891:;:056+7(891<'  056+7(891
="	 	05687(891 "4	' 
' &'!!  
	&	'&&&"
&	  %&   	
&; '!		& 	& 
!!& &
 &&& & 	 %&
      	 	 %7' 3
  
+

#- 01	

 %


   &"!  "		''	" 
'4	 !,8(89 	"'
056+7(891:;:056+7(891<'  056+7(891="	 	05687
(8914	"" 	:"	4 
!'2
" 	D	&DED	D#D  D#DD
ED 	 	 DED   !DEDD4	
' 		 &'! "! 		!&'!	
	& 		?&	'	
) !  ' 	
	&		!!		&
	"'		 			&"

4!" "	"'	!" 	? 	
	!'!"	&'! 
4"	  	"'	!
!	&&&"  
'	" 	 %&!!!
  4? 	 
F01' 	!0(1'
0,1	0*1  0+1	0C1
"	0-"1
	 

	(& "  "' 
	C+ ) ""+ &'"
+

#- 01	

 2%
' 	!0+1'
0,1	0(1   0+1)	"'	!"(
 &,6 			7?&4
	 	 "		!*8 		
&
 !
4%&	&'!""&'"
	 	"&	!	"!&"4
 "%&' "
	  ACB?<
  %7' 34"!"
'!"F%&G   
03 !!	 '!1!! 	
   "		%&4 %
&&3 !"89+H,2.%& 
3 F,2.) "3 ! I&
	73 !%&	 E72.%&'	!'!
	 ,H+ 
"$
" ' ) ,2.%&
 			H( A9B"" 		   
  '"  
G!%&G4 &	
%'"%&"
  
		 	&"%	4  
  ' 	  
" 	 "
 ACB<	 %&"&"
!& 4&  '."
 "&"	&&" "
&
4 "  %':"!'
%'"7! 
 4&'!'!'7!
0;#1?! &"
!  
" 
)&&  %&	"'	
	!"
		"	7"'  & ! 7
:   "A6B&	&&
%&& 			 		" '
""A9BE  %&
 "7	   	!
 		"" 	 	&	&
   !	73 !%&  	! "'	
	&" ""A5B	 	& 
%& 7 	  	7
?!A(8B2& &	" 	 	 
%&- ! &  !%	
    	3&  	 	  ! %
  AB
+

#- 01	

 3%

	

&	&'  &"  !%&
	 )"	&  &%&
	 	. 			  %
	 "  '"A(((B
		!!	. 		 	 		"  
  !%&	 -	"	! 
&&"&    !%	 
2&	!  ! 	"!
! 	&			.&
A(,B
'	& &%!	 4!
	'	&"'!%	"	 
2&&" 		
	.&A(,B4 &  	
   ! 	 	&	%&	 
	'  
	

@73 !% 3&' ' 
 	4"
  &% 3$ &	&	
 !0J91 & '	7
3 !%"" 		  	 
 ,+9K+5KA(*B&	&&"  !	7
3 !% '' "  ' 	
 	
	 %&! " 
" 	! &'	'   	
	!A(+BE&	 %' 	
 	: 	"   !' 	 " 
A(C(9B


 7 	? "  	73 !%
	'			" 	0J(1
"7 &% 
	" A(6B7	
	   !%&
8+<> (<> (L 		 A(5B4!
%&	 	" %&8+<> (
" 2&!"  "	
&	''
=	3& &&	'		
' 	 A,8B4!&	   &	
	" 3 	" '	"" 	"&
!' ?!"	  		 " 	 
&% 3
" 		'	"!	" ""'"


"$&4& 	&	)
&   3	 	 	2&%7
+

#- 01	

 %
' 3 '	&$ &!  
4	 
"&  	.
		77		 7'	 &	
  	  &4 ! 
3	!	"! 	 		A,8B

:?!	&		%7'
 3&'!	7	!
  !%&  	"	   		
%	 "?"  A,B		
	    	%&
(7
  	"4! 	
(8K"%&"A,(B@'"	. 		
	0J**1&"  '	%
	" 3  	"	 A,,B4!  
0"'"	7&	 '"1	 '%
		%&	
  &

		'!
7
 
?

4	""(
A,,B4!
'&"   " 	 	%
 	 '"A,,B
:
	. 			    !%
 "8<> (2.8 
"

	  	"	 4!'&"  '	
	 ' " 	' 
??"
A,*B 	
&" 	73 !0,8
2.1	7!%  &
	"	  ' &	M!	!&
"F &	 		 ! 		"
 '%7 &	0 !14%! 87
7'" %&88<> (!

4	 '&&
?"8(
7&)	 
	! & &	4	
 	 %"++*K C+K 	
")	! 	 .%7"886 
88, 	;% 	" & 4
"!    !	73 !	7%
 3  &	"	 A,+B
4  !	 "&	  !'	!%
	"	 A,CB4 ' 	 	?
"	  	"	 	 %
  A,CB&	 &	!&	 	 	  !
)47% 3  	"	 4!  !
	"  ')47% 3" 	!
" 	)	 )47%!
  		"  A*B
			   &  !%&	"	 
+

#- 01	

 4%
	"4!  	  %&	"	 
		 	 	& 		.73	!"4&
  	" &   !%&	"	 	"4
'
&      !%I&
   	&"73	!	"	.. 		
	A(8B
 
!

E%7' 3" 7
  	73 !%0#@-%1 3 	 		)47%4
 3'&'!%-"
A,9B&	 7 	 	. 			&'
    !#@-%   	"
'"		  " 	 		 A,67**B)
.'	7'	7 			7 !:	 
   ! &#@-%0*8
2.1% 3")47%& 
 	 ' !0J++14 &%
"  	" 	 '"-
3 !! '"
A*+B&	&" #@-%!  
" &	"  		' 
		" ' #@-%A*CB4
 	 	!&7
  &
	 		 &!4 
+8K 74 "
  ' )47%"0C,K1
" 	!" "0(5K14!	
'	 ?!"   %
&	"A*CB
&  
&"  !#@-%   '		7
	"	 0J+1"7.'	7 		 	 	A+B
4!   	73 !%!
	 '4	"	 	" 	"
'		!	'   	  !&		
	!  &4&"	"'	
  	"56
#@-%"	"
++N(6
4!  	#@-% " 	!&
	" 	 	"	 A+B:	&"  !)47%
 	  7	"	?!
	"4!	  
	" & 	 		!" A*9B4!	&"
 )47%   	!	'4

C5K	'!	!"
 	<)4%		&"	"
 &
 87
	" 	"4!
  	")47%	 '  	
 		!	C5K  A*9B

4 	 	&&&	" 	 	%&
  3 	!	73 !" 	"
+

#- 01	

 %
)& ' 	 		! &	!7
$	"	!&'	&	!" 		"
&	"%7' 3"
? 7 E
%	 "?    
! 	%&		'	" 	")
"  " 			'"	. ! 
"	
 "
#
		) 	 ): 			
 			"F! 	"			& 	 	
 &!".'
#			
		& 	!& 		
&!!"."&'

$			& 		
 & 	&	 '

 
 -	"		#F4 	&	"	   '!
&(888888(>*C+6+68868
( 		F @!	"F& 
 3  ; ; (8+(F(9H((,
8,88+>''>C(C
, "=	F : 684 " 	' 	"
;	 " (88,FC*8HC*6 888(>'(8+5(
* O		F 4   " 	' 
	"F& & ; ; (8C,F,+,H,C8
8,88+>''>(8*8
+ O		F #" '	 3F	 " 	
! !; 	(8+6F*9H++ 8,88+>'$>+9
C 'L;
=F& 	F & !4
(886F,,5H,+8885,>$>69,,5
9 	O	F :	 " 		&
F &&  ; ; (8+
(F6+H5+8,88+>''>C((
6 			F %	!	"F&
  3  	 '(8*6F*89H*86+
5 "F2	"F	"	&! 
	 #&" &(88+*F(++7(C8 88,6>CC(
8 27@F: 	 	 	!	F
 '	 ?! !4(88C6CF,5H*5
885,>$>6C,5
 		F&	 " 	'
' ; ; (8*FCHC(8 8,88+>''>,,
( 2F! 	"'	F-    :	&2	
(8(
, F&  	&
$)=(89F,H(8 8((,99>$"&8698
* &@	;	F :?	"  	73 !
	!  F &	!&
<(886
(F*CH*(,8859>8<8888,(,+*C8*9,*,
+ &  
:F%  	73 !	
+

#- 01	

 5%
  	"	 F+7	!  (889
59F5+H889+*9>859885+
C 4F4 	&&%	 (86F6*976+(
88C>$	 (8888*
9 F4 		 	"!(88*8F,,H,,C
885,>	"!>*8(,,
6 4@@	F 4   		73 !
	' 	 ?	  E!<"
(885++F((7,8
5 F@73 !	"  &	"	  ;#(88,
(F*H(*8(5C6>'$(88,(*((8
(8 		#@OF 4 	&	"	   '!&
(89+F8868888(>*C+6+68868'*
( !=			
	F 4	 F! & 
(886,88F(C*9H(CC(888>$(886996
(( =	= 	F  	 			
	 ;55+,8F8*8H8* 8,C>'$,8C56C8*8
(, 
'-	"		#	F 4 		 
 '!&(88C88(9+888(>*C+6+688(9+'(
(* 
&L&F%	 ' 
"
 & 		A 	B	
5589F8H
(+ 
;@#	@	F 		 
		"
:   	'	'!"	! ' && '"
(888**F99H99(8(6>**,99799((888
(C PO"<=F 4 	 3 ! 
		"
"'	;:"559(+FC5H9C 8889>;-8(9,6+,5
(9 <= ;E@ 	F %	  '  
"7"&'  '"55*,6F(+99H(+6(
8(6>,6(+99
(6 	&;'&F &"	 	
'		A 	B	55(FCH6
(5 7	
-
;..Q
7< R@	F :?		 '
! 		 	& 	
	 	
@

(88((F+88H+8+
,8 =-	3&F 3& -%F
  	&& ''&(8((6FC*H9 888(>((*(
, -=#	
4F %	!  	"	 F
	!<"556CF(H(C 88*C>$+(*7*9+S556C8(8+?
,( 			2	F  			
	!	!  
	"	 4@ 569,,8F(8*H(8C 88C>8*87C9,C06915899C76
,, @'"4#T-;7=	F 		&
	"&	  '	558((F5+H59
,* :
@'"4	F 	 ' 				!  
	"	  '	55(,F(H(,
,+  < 	 T:	F @73 !	  
&	"	 ! L	55999F,H,*
,C -!
'"="=	F ' F 	 	  
"	0(88C&1-
	"(88C*+F7CC 88C>8C97(+C0891C8887+
,9 =	"@2F 4   	7!	73 ! 
		7?!  F & &E!
<"(889+,F**7+8
,6 4F< 	"	&		""
  	73 !	!E!<"(886+*FC6H9
,5 =	"F   !"?	7
		7 
'	 E!<"(886+*F+CH+5
*8 -	"F  !& 	!7 
"		 F !E!<"(886+*FC(7C+
+

#- 01	

 %
* <	F	 	 &  	73 !	
	' E!<"(886+*FCCHC5
*( @"@;F '"&!
  ! " 	F 
E!<"(886+*F+8H+,
*,   
	F  ! 	"	 	
	  '	!F E!<"
(886+*F+8H+,
** 2		74!	2		=;	)<	F #"&! '
  ! "!F E!
<"(886+*F*5H+(
*+ :<-.#	F %	! 	 ' 
	 F	.'	7'	 			 !E!<
"(88++F(*H,5
*C &		@2<F 4    	7
3 !	F! 	 ? (88*7(88C&
<(889
(8F((H((C8859>8<8888(CCCC866588,6
*9 :<L	<=	F :&	 	 	 &)4	
!	"  &
<(88C5F*,97**C
+

#- 01	

 %
